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I. INTRCDUCTION

A. AUTHCRIZATIOHW,.

1. Preliminary huthorization. - The Flood Control
Act anproved 28 June 1638 {ruvlic No. 761, 75th Congress,
Zrd Session), states:

“The Secretary cf Wer is hereby authorized
and directed to cause preliminary examin-
ations and surveys for flcod conmtrol + .
at 'the following named localities o . a3
Thames River and its. tributaries,
Connecticut.™ a

a.  Survey Report and Review. - The Chief of

Engineers authorized a survey report with the stipulation

that it be combined with the rsview of the report and sub-
mlt ed under. the provisiocas of House Document No. %08,
£9th Congress, lst Session in sccordance with a recomnen-
dation made on 28 Decerber 1938 by the Board of Rivers
and Harbors. The review was authorized by the Chiefl of
Engineers pursuant to a -Resolution of the Committee on
Commerce of the United Statos Senate, adopted 25 Qctober
1938 and guoted in part as follows:

"Resolved .+ . ., that the Board of
Engineers for Rivers and Harbors,

e« « s, be, and is hereby, reguested

to review the report on the Thames

River and tributariecs, contained in
House Pocument Numbered 64l, Seventy-
first.Congress, third session, for the
purpose of determining flood-protection
moasures for the Thames River and tribu-
tarics, including the Quinebaug River at
Southbrldpo Vassachusetts."

The revicw was a}so authorized by the Chlof off Engincers,
pursuenv to a Resolution of the Committee of Commerce of
the Unitcd States Somatec adopted L November 1938, quoted
in part as followss :

YResolved, . .. «, that the Board of
Engineers for Rivers and Harbors,

“ +esy be and is hercby, requosted to
review the rcport on the Thames



River, published as House Document
Numbered €ldi, Seventy-first Congress,
third session, with a view to deter-
mining whet measures or projects should
be undertalzen at the present time for
the control of floods,™ . - '

2. Definite Authorization. - The flood protec-
tion plan for the Thames River Basin, which includes
seven reservoirs on tributaries of the Thames River
as well as the Norwich Channel Improvement Project,
was authorized by the Flood Control Aect approved 18
August 1941 {Public No. 228, 77th Congress) which
reads in part as follows:

""Sec. 3. That the following works of
improvement for the benefit of navigation
and the control of destructive flood '

~waters and other purposes are hereby

- adopted and awthorized in the interest
of national security and the stabiliza=
tion of employment, and shall. be prose-
cuted as speedily as may be consistent
with the budgetary requirements, under
the direction of the Secretary of War
and the supervision of the Chief of
Engineers in accordance with the plans
in the resnective reports hereinafter
designated and subject to the conditions
set forth therein: . . .

THAKES RIVER BASIN

The plan.for a system of reservoirs
and charnel inmprovements in the Thames
River Basgin, Connecticut, Rhode Island
and Massachusetts, in accordance with
the recommendation of the.Chief of-
Engineers in House Document Humbered
885, Seventy-sixth Congress, Third
‘Session, is approved, and there is
hereby authorized $6,000,000 for

initiation and partial accomplishment
of the project.”



B. SPCRTS ,

1. A preliminary report on the survey for flood
control of the Thames River was submitted to the Chief
of Engineers on 1l November 1938. The "Report on Survey
for Plood Control, Thames River", dated 22 December 1939
together with the review of the report was submitted
later to the Chief of Enginecrs and was transmitted by
the Secretary of “ar to the 7éth Congress as House
Document No. 885.

2. In accordance with R&H No. 19, 1939, E.D. 7402
(Construction Program) a "Definite Project Repert for
the Norwich Channel'Improvament, Shetucket River®™ pre-
senting concise and up-te-date information on the author-
ized projecct was submitted June 194l to the Chief of
Engincers . . .- . ... This report was revised and
resubnitted in September 190,

C. NHECESSITY FOR THE IMPROVEMENT.

The City of Norwich cxpericnced major floods in
Meyrch 1936 and Septomber 1938. Scveral lesscr floods
had been experienced prior to 1936. Dirceet damage from
the largest flood of record has been ostimated at $1,869,000
or approximately five percent of the assessed valuation.
Although a large measuro of protection will be provided
by the seven flood contrel rescrvoirs to be built under
the comprchensive plan, local channel improvement at
Norwich is nccessary to assure protection from major
floods such as that of September 1938. Such channel
improvement is necessarily resiricted to improvement
of the existing bottom and sides through the critical
reach which is confined by structures on both banks.

~
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II. DESCRIPTION OF AREAS

A, SHETUCKET RIVER WATERSHED.

At Norwich, Conn., the Shetucket and Yartic Rivers
meet to form the Thames River, a tidal river that- flows
southerly for fifteen miles through New London, Conn.
to Long Island Sound. The Thames River snd its tribu-
taries drain an area of 1473 square milés in Comnectiocut,
Massachusetts and Rhode Island. The Thames River water-
shed lies principally in eastern Comnecticut with three
of the main tribvutaries rising in southern Tassachusetts
and one trlbutary rising in western Rhode Island ‘

The Shetiicket River, the principal trlbutary of the
Thames River, drains an area of 12&L square miles which
is- approximately 85 percent of the entire Thames River
drainage area. Its watershed is roughly elliptical in
shape with its major axis, about fifty-three miles long,
lying in & north-south direction and its minor axis,
about thirty-eight and a half miles long lying in an
east-~west dlrectlon. The topography in this ared is
generally hilly with numerous swamps, mill ponds and
reservoirs, with a few natural lakes and ponds. From
a maximum of 1280 feet above mean sea level along the
northwestern divide the elevations vary to mean sea
level at Norwich. Along the three main tributaries
to the Shetucket River, and their tributaries, there
is a sueccession of small mill and power dams that
develop approximately fifty percent of the river fall
into power. The rivers and streams flow southerly to
Norwich at the southern end of the watershed. The
Themes River watershed is shown on Plate No. 1.

B. SHETUCKET RIVER -~ NORWICH, CONN.

The Shetucket River is formed just east of Will-
imantic, Conn. by the confluence of the Willimantie
and Natchaug Rivers. It flows scutherly to its con-
fluence with the Quinebaug River, its main tributary,
and thence soubhwesterly through Norwich, Conn. where
it meets the Yentic River to form the Thames River.

The river flows in a narrow wvalley for the major
extent of its length to a point about onre thousand
feet above its mouth where it narrows considerably in



passing through a rock gorge. Within this reach, in
the principal business area of NorwicH, Conn., the
restrictions to the river flow are the greatest. The
restrictions te flow are four-fold, occurring as an
abrupt curve where the width narrows instantly, together
with irregular banks partly formed by the abuiments of
the New Haven R.R. bridge and the Laurel Hill = -. pridge
and the irregular ©ovsorezosnng *riverbed. The
channel cross-section is reduced further during high
stages by the masonry retaining walls supporting: the
buildings and railroad tracks constructed adjacent to
the waterweay on both banks. On the south bank, a
tranch line of the NYNH&H R.R. runs through a short
tupnel under the south approach to the Laurel Hill:
Bridge and crosses the river on a steel truss
bridge at the upstreem end of the reach. A transfer
“track runs from the railroad bridge along the north
bank to the Central Vermont R.R. tracks in the
western part of the city. The channel width is
greatly reduced by the wingwalls and .south abutment
of the laurel Hill : fHridge which are constructed
onfsection of the rock. bank which projects thirty
feet more-or~less into the chennel. The Norwich
Channel Improvement will be centered about this.
point, extending four hundred feet upstream to the
railroad bridge and four hundred feet downstream
below the highway bridge. A plan showing the She-
tucket River from the Greenville Dam to its mouth
is showvn on Plate No. II.

C. FLOODED AREA.

During the flood of September 1938 the business
center of Norwich and a large area devoted to industry
were inundated by the waters backed up by the channel
constriction. The flooded area extendsd upstream to
the Greenville Dam, and included the U. $. Finishing
Cos and the Norwich Gas and Electric Co. Many of the
larger stores and a theater were flooded with more
than six feet of water above the first floor. The same
arcas have been subject to flooding to a lesser depth
by othor major floods of record. The maximum predicted
flcod would result in the flooding of a more extensive
area including many rosidences.
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IIi. SCHEME OF - IMPROVEMENT

A. REQUIREMENTS.

The narrow and constricted channel of the Shetucket
River causes..the flcod discharges to rise to high -stages
in Worwich.resulting in extensive flooding. A system of ...
proposed reservoirs will control 38 percent of the drain- -
age area above Norwich and will provide effective protec-
tion against moderate and more frequent floods.'. The
damage which would result from major floods warrents
greater protection for the city. '

Extensive protection works would be necessary to
meke the City of Norwich immune to flood camage. This
would require the construction of levees and walls.
Several plans have been discussed in the Thames River,
Report on Survey for Flood Control" including %he ~
enlargement of the present channel by widening end
deepening, a bypass tunnel through the rock which forms
the constriction, lewees and walls, and.various- combi-.
nations of these. As the construection of ‘extéensive pro-
tection works was found-in the above studies to be un-
economical, the improvement will be confined to the ..
enlargement of the channel -and will be carried to a
degree where adequate protection is assured from all
but the maximum floods. The specific design oriteria -
are given in paragraph D of Chapter IV.

B. EXISTING COWDI”TONSo

A part of the clty of Norw1oh -Conn.. located on a
ridge extending in a north-south direction, forms &
natural barrier which forces the Shetucket River to
turn northward about 4two thousand feet from its mouth.

A narrow rock gorge, dividing' the city near the business
center, forms the cnannel for the river. through thls rldge.



From the point where the river is turned northward it
flows in i%s normel width of channel along relutively
-smooth banks for appromlnately one thousund feet to
the New Huven R. R. bridge where it is abruptly turned
westward into the narrow rock gorge thet has extremely
irregular banks and bottom., Just west of the railroad
bridge abutment on the left bank of the gorge, the
wingwalls and-south abutment: of the Lsurel Hill

pridge project approximately thirty feet into the
channel decreusing .the channel width at this 'point,
The natural chunnel width is further reduced, for
high.stages of the river, by the‘fét&iningiwglls"
constructed along both banks of the gorge. The sharp .-
bends and insufficient 'channel section offer great
resistunce to flood discharges ecausing the wuater to - :
rise to high stages, inundating extensive areas of the
city. Plate No. IIT shows the constrlcted portlon of
the river and the pro osed 1nprovument S :

C. GENTRAL SCHEML “OF INPROVEMFNT.-

‘%

The proposed 1mprovenent to tho Shetucket River -~
in Norwich, Comn. will belthe enlargenent of.- its’ o
channel -Crogs-section. - The Improvemertt: will be certered-
about the Leurel Hill. . ° pridge where the constridtion !
caused by the south abutment will be removéd and the - '
channel widened. The channel width cannwoet ‘be increased .. -
st any other point due to. the retaining walls. along both-
banks and wny further enlargement of cross—sectlon will -
be confingd to-an 1ncrease in depth. i ot

The channel excavutlon w1ll not be started until
the reconstruction or relocation of +the- Lenrel Hill Bridge
hes been a cecomplished by local interests.” This procedure
was recommended: in:the Report on Survey for Flood Control
Thames River, dated 22 Deoember 1959o R A ERUN N G IR

After £he brldge work has been connleted tae ch&nnel
cross-section will be-increased by removing the constrie~:

tion on the left bank under theé; present south: sbutment smd

excavating the channel under the bridge to a depth deter-
mined by the hydraulic studies, The excavation will be
made &t rising grades upstream and downstresn, terminating
in transitions that will grade the proposed

-7



widening and deepening into the dimensions of the
existing channcl. The improvement will extend from
the Wew Havon R.R. bridge downstream for approximately
eight hundred feet,
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IV. HYDRCLOGY AND HEYDRAULICS

A. SCOPE,

RIS
~

Since the Norwich Channel Improvement is designed
primarily to operate as an elenent of the comprehensive
plan for flood control in the Thames River Basin it is
necessary to consider the hydrology of the whole Thames
River Basin and the comprehensive plan for flood control
therein in connection with the Norwich Channel Improve-
ment. For this purpose the hydrology contained in the
Thames River Survey Report for Flood Control dated 22
Dgcember 193G, is considered adequate with respect to
the overall effsctiveness of the comprehensive plan and
its relation to the Norwich Channel Improvement and has
accordingly been carried over inte this report. Addi-
tional details.have been added but a complete re-study
of the comprehensive plan was not considered necessary.

B. CLIVATE.

1, Temperatures, - The mean annual temperature
of the Thames River Basin is about [}8 degrees. Summer
temperatures rarely rise to 100°F. Freezing may be
expected between the latter part of November and the
latter part of MHarch, Over 100 days with temperatures
32°F or below may be expsected each year and the temper-
ature may fall below O°F several times each winter. The
average monthly temperatures in the central part of the
basin at Storrs, Connceticut, for a pericd of L8 years
ending with 1942 are as follows:

AVEDAGE MONTHLY TEMPERATURES AT STORRS, CONN.

MONTE : DEGREES F.:: -MONTH 3 LCEGREES F.
January . :  25.8 $: July 69,7
February :  25.1 11 August 67.8.
March s A5 1: Septembers - 61.3
April s L5 :: October 51.6
May :  56.7 . :: November ; Lo.
June s 6.7 :: December 28.9

Average annual btemperature
at Storrs, Connecticut Li7.6

i



2 Precipitation. - a. Average Rainfall. - The
mean anmual precipitation at $torrs, comnecticut for 53
yeers of record was 4l4.31 inches. The maximum annual
amount for this same station and period was 66.31 inches
in 1938 and the minimum 31l. 7L, inches in 1930. The aver-
~ age annual snowfall at this station is L5.5 inches. The

‘ follow;ng table summarizes the pr601p1tat10n record at
Storrs by months.

KONTHLY PRECIPITATION AT STORRS, CONNECTICUT -

(Depth in Inches)

an

TONTH +  WEAN ¢ HAXIMOM WIT TIOn

8.52. +- 1.05
731 o+ - 0.37

-

Jenuary + . 3.6
February : 3.29

MaI'Ch : L‘.- 16 ', 10065 ' - On‘15
April e 33 9.51 2 0.70
Mey : 3,51 ¢ 7.9h ¢ . 0.33
June 3, 13 : 9.2 « TT.R9T

[T TS

- July’ L8 ¢ ag.2l o 0.8L
August’:'lf'\h.IT‘ o -9.10 Ty T 0V9E
September ¢+ 3.91 : 17,00 ¢ 0.45
‘October ': 3.55.: - 6,83 -1 .0.15
November .3 356 %+ ~ 8,58 1+ - 0.47

5 68 2 3.55 : 1.11.

December -~ ¢

Storrs and: other rainfall stations in. the vicinity
of the Thames River Basin are. listed on Plate No. ¥¥f
with their respective periods of record. These same

stations are located ‘on’ the map of the aree on Plate
'YWo. VII.

“Tﬁféﬁ”%§§§§"df“@ﬁdfms“dye
characteristic of the rFegior in WHioh “the Themes River
is located, viz. (1) -continental storms, (2) hurricanes
and (3) thunderstorms. . Continental storms may be of
the stationary frontal bype or rapldly mov1nw intense
cyclones,. and they are. not. llmltod to any season or
month but follow one anothﬁr at morc or, loss regular
intervals and with wvarying 1nten31tlcs throughout the
yeer. The normal path of hurrloanes is, to the south
and east of NeWw BErgléand but they may ‘be" deflected over
this ares by continental cyclonic disturbances. They
are most likely to occur during. ‘the summer and autumn
months. Thunderstorms may be of local origin or they
may be of thHé frontal type agsocisted with comtinental
storms during the summer months.

-« 10 -



A definite combination of meteorological
conditions is rscognized as being respousible for
most of the great flood-producing storms of the north-
eastern United States. They are (1) a persistent high-
pressure area over the western North Atlantic Ocoan,

(2) another high prossurc aren over the central and
northern interior of the continent and (3) a low-pressure
trough betwoon these "highs" including one or more moving
centers. The storm of September 19%8, whick is the most
severe of rccord over the Thames River Basin and New
England, was of this typo.

¢s Snowfall and 8Snow Cover. - The average
monthly snowfall at Storrs, Connecticut, for 20 years
of record is shown in thc following table.

AVERAGE OH”PLY SFO'I&LL AT S;ORRS CONN

TDopth sy 1 Dopth
Month :: Inches s: Month ¢ Inches

September

Januvary ::  12.7 1: r 0
-Februery:: 13.7 :: October 0
March s 6,2 3: November - 2.l
“April ta 2,3 :: Deeewber @ 8.2

Average annual snowfall-[5.5 inches

Depth of snow cover ‘rarely exceeds 2.0 inches
water cquivalent !for the whole watershed. It.1s notice-
ably related to clevation being deepcr at the higher
clevations. During rmajor flood poricds whon runoff
from melting snow is a significant factor the depth of
snow cover rather than degree and duration of melting
temperatures will limit the runoff from this source.

C. RUNOFF,
1. Goneral. - Rupoff in the Thames Rivor Basin

is measurcd by the United States Geologiecal Survey at
the thirteon stations. listed below:

- 1] -



River and Point Drainage : - Years of

of 3 Area :Continuous Record
Heasurenent :Square Miles: Ending in 1642

Willimentic near : s

South Coventry, : 121 : 11

Conmn. : 2
Shetucket near Will-: :

imantic, Conn. + Lol : 9
Hop ncar Columbia, : 3

Conne : 76,2 : 10
Natchaug at Willi- . :

mantic, Conn. ¢ 169 y 12
Mount Hope noar 3 ' :

Warrenville, Conn.: 2941 : ) ‘2
Quingbeaug at : :

TTestville, Mass. : | §3.8 : 2.
Quinebaug'at : 3

Quinebeug, Conn. 157 s 11
Quinebaug at : K

‘Putnem, Conn. .. : 331 . : 13
Quinebour at Jewett i ]

City, Conn.. : 711 : 2l
Little at ‘Bulffum- : :

ville, MasS,. .. .  : 27.7 s 3
Five iile at : . :

Killingly, Conn. 5&.2 i 5

" Moosup at Moosup, 2 7 - - : ‘

Conn. : Syt 8345 ¢ 10
Yantié at antlc,‘ s - :

Comn. = | s 50.88.6 . s 12

The lOC&thﬂu of thoso statlons are.showm..on Plate Ho.
ViI. The average annual runoff for the yoars of record
1is ‘about .51 pereent of the proclpatatlon gnd varies
little over -the ba31n¢ ‘Although notable exceptions
have ocdutred, it is 4o be oxpoctud that the poreent
of . surface rundff from intemse storms will be greater

than the dvérage ammual value of 51 percent, regard-
less of theé season of theé year. . Runoff rgcords for
. the Shetuckot Rivar near Tillimentic and for the

Quinebaug River at Jewett-City are summarlred by

monfhs in the following tablos- :

12 -



MORTHLY RUNCFF, SEZTUCKET BIVER WEAR
WILLIVAWTIC - )01 SQUARE MILES

Runof'f in Inches
Period . Mean : Maximum : Minlmum

-h

January : 2.76 ; 14.97 ; 1.h2
February : 2.08 : 3.3l s .82
March H Ll-.?o H 11036 H 1v98

April : 3.8 ¢+ 8,117y 7 1.89
Vay s 2.18 ¢ 3.26 :  1.48
June : 1.52 ¢+ 322 . L6l
July : 1.18 .05 @ « 37

August : b7 10 1.88 .29
. Septenber 1.69 ; g.9 .25
October ¢ 1.1 : 2.38 .26
November : 1.65 .17 .57
Decomber - 3 2.38 Lol s 66

"Y$AR‘_':25;79.: u1.05":' 15.31

MONTHLY RUNOFF, QUINEBAUG RIVER AT
COJERETT CITY - 711 SQUARE MILES

Sy Runoff in Inchos
Period : Mean : Maximum : Minimum

-

20295 J—L'53

- as

January : - W51 .
February ©: 1.98%: ~3.32 '+ 1,04 =
March o+ .16 . 11.24 ¢ 1.98
April : 3.70 ¢ 7.6 s 1,75
May 1 2.27 3,60 s 1.00
Juno : 1,16 3 20L + 72
July : 1.19 % 6,66 3 « 39
August : WBL s . 2.6%3 2l

Septomber : 1,09 :  5.50 L2
QOctober 97 2 2.31 .21
November : 1.48 : L.56 W37
Decomber 1 2.09 @+ L.72 )

.-
(23

YEAR : ‘23.52 ' 8.2 ' 10.85

"




2. Floods. - a. Historical Floods. - During the
past 110 years the Thames River Basin hes experienced
four 1oca11zcd floods and six great general floods, Of
the general flcods,‘tvo of them, occurring in September
1828 and March 1876, wore in turn the greatest floods of
recerd prior to the flood of February 1886. " They occurbked
before the time of oxtensive:industrial development in the
Thames: Ba31n, and although data on thesc two floods are
meager, it is known that they dld net cause cxccssxvo
losses.

b. .Floods of. Record.. = (1) Februafy 1886. -
The February 1886 flood. resulted. frem an svorage precipi-
taticn of over seven inches of rainfall within a threc-
day period. Conditions were:favorable for a high runoff,
and resulted in a flood.approximately equal. to that of
March 1936, in some parts of: the watorshed. L

(2) Iaarch 1936..:- The March. 1956 flood
cccurred in. two peakss :The sccond and:ldrgoripeak resulted
from an averdge precigits tion of.dbout: 5—1/? inches plus
runoff from melting snow. Distribution of this rainfall
and the water content of smow 1s shewm on Flate No. VIII.
CRM

Rainfall and funoff daty given: zn TS G.

Ylater Supply
Paper 7987 arz tabulated bolow.” I

Rainfall, Water Contbntiof S '.‘}'émd Runoff-March 19%6
o (Depth;ln -Tnches ) .

' _-Dra1n—‘Prec1p1- sWater Con--
age | -tatlon : tent of ¢

River and Po;nt

of T hres 922y snow : Runoff
Mcasurdment ”-Sq-Mlm..Harch : 9 Maréh '
Willimantic- at Souﬁh A

Coventry - G121 T 7ebt oy 26 7.6
Shetucket at Wllllman»-‘}_ L S A

tie o 0l 7.8y 2. : 9.88
Hop at Columbia o762 W0 s 2.Y ¢ 7.05
Natchsug at Willimantic: 169 3 8.55 2.5 : 9.48
Quinebeug, at Quinebaug: 157 % 92 ° 3.5 : 10.70
Quincboug at Putnar’ 3 331 1 90" 3,2+ 10.61
Quincbaug at Jewett F Wl gt :

City 2 711 Bl oft 26 1 G2
Moosup at Moosup s B3.5 % 6,85 4 2,2 : 8.26
Yantic at Yantic .: :.88.6.%1. 6.65..: . 1.5 7.29
The peal dipclsrsc o5 THE TFesnvi11e" Pom Wais vetinnted by
the U. 3. Geclorienl Jurver et 47,600 cof.s. representing .

nermel runoff. fThe acbual peal resulied from normal run-
- off augmented by dem failures upsireim and has been esti-
mated at 51,500 c.f.s,

e



(3) Scptembor 1938, - The maximum floed
of record om the Thames Hiver Basin occurred in Sept-
ember 1938, and resulted from an average rainfall of
about ten inches over the entire watersheéd. With the
exception of a few tributaries in the extreme north-
eastern part of the watershed, the maximum stages of
the March 1936 flood were equalled or exceeded. The
hurricane of Sentember 2lst produced an abnormally
high tide along the scuthern Wew Fngland coast. In
the lower reaches of the Shetucket and Yantic Rivers,
the flood occurred almost synchroncusly with the tidal
vave. Distribution of rainfall is shown on Flate No.
IX. Reinfall and runoff date given in U.S.,G.S. Vater
Supply Paper 867 are tabulated below.

Rainfall and Runoff in Inches - Sepitember 1938

River and Point
of
Measurement

Drainage: Precipi-
Area 3 tation :Runof?f
Sqg.Mi. :17-21 Sept.:

Willimentic at South

e ws wr aw [lae ap ee ]
[

LRV S A Y

Yantic at Yantic

Coventry , 121 1.5 8.7
Shetucket at Willimantic o1 . 1.0 7.7
Hop at Columbia s 76,2 ¢ 15 ¢ 7.25
Natchaug at Willimantie s 169 - 13.25 : 8.25
Guinebaug at Quinebaug s 187 : C13.25 2 7.2
Quinebaug at Putnem s 331 . 11.7  + 5.4
Guinehaug at Jewett City ¢ 711 : 8.9 : 4.3
Five Mile at Killingly : 58,2 ~T7.35 2 2.
Moosup at Moosup s 83,5+ ¢ LS55 ¢ 1,15

: B88.6 10,7 :+ 7.9

According to the U. S. Geological Survey the average
infiltration index for this storm was 0.1% inch per hour.
The peek discharge at the Greenville Dam, approximately
two miles upstream from the center of Norwich, was estim-
ated by the United States Geological Survey at 77,700 c.f.s.
Przor to publication of this estimete, the Providenze Dis-
trict, U. S, Engineer Tepartment,sad estimated the discharrc ab
75,000 c¢.f.s.,which value has been used in this design.
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. Maximum Predicted Flood. - The maximum
- predicted flood used in conmnsction with the design of
the Norwich Channel Improvement is that derived for the
Thames River Report on Survey for Flood Control dated
. 22 December 1939 and 1s distussed therein as follows:

"The flood of September 1938 was the
greatest flood on the Thames River
Basin during the period of record.
However, the floods of February 1886,
March 19%6 and July 19%8 were .higher
in some short reaches. A greater
.flood than any of these would occur on
the Thames River Basin if a storm equal
to some which have ocourrsd in the
region should center over the watershed
at a time when conditions were favorable
to a high runcff. The maximum predicted
flood at points in the Thames Basin has
 been computed; as follows:

" Ya. The rainfall volume used equals
the maximum total rainfall which occurred
during the storm of September 19%8 on an

- area squal to the drainage aréa involved.
This storm is the maximum storm of record
in New England.

"o, It was assumed that the entirs
ralnfall occurred in AS hours.

Yol The rainfall dlstrlbutlon was
assumed to be proportlonal to that
determlned by the.United States Weather
Bureau.ln a recent study of rainfall in
N@W England.

E "4, - A% infiltration rate of only
_«05 inches per hour wes used.

_ "e. Computatlons for ell poeints up-
stream from and including Putnam and Will-
imantic were made by the use of unit graphs.

"f. For points dovmstream from Putnam
and Tllimantic, the meximum predicted flood
was computed by routing from these points
and adding tributary and local inflow based
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on unit graphs. The resulting runoff
_volume of the maximum predicted flood

at these points varies from 11.8l; to
13.73 inches, which is equivalent to

a runoff factor of approximately 85
percent. The duration of the flood
varies from L to 7-1/2 deys. At Norwich,
the maximum predicted flood has a pesk
discharge of 172,000 cubic feet per
second with a probable frequency of
occurrence of once every 1600 years.

This discharge is over twice as large

as the maximum flood of record, 75,000
‘cubic feet per second in September 1938."

According to Hydrometeorclogical Report No. 1 which was =
completed after the Thames River Survey Report the max-

imum possible rainfall on the Themes River Basin is lh.4
inches in L;8 hours which after making allowances for infil-
tration at 0.05 inch per hour leaves a rainfall excess of
12,60 inches. Since this is less than 8% larger than the
rainfall excess used a re-computation of the maximum pre-
diected storm was not considered necessary.

D. BASIS OF PROJECT DESIGHN.

1. Criterias, - The Norwich Channel Im-
provement is designed primerily to operate as an integral part
of the comprehensive plan for flood control in the Thames
River Basin. Its function in this plen is to provide loeal
protection at Norwich in addition te that preovided by the

seven reservoirs of the comprehensive planm.,

Full protection against the maximm predicted flood,
even that modified by the proposed reservoirs, it not econ-
omically feasible. The project is accordingly designed to
satisfy the following criteria. '

2. Full protection against a recurrence
of the maximum flood of record with the chennel improvement
end the seven reservoirs in operation,

b. With the chamel improvement and
the seven reservoirs in operation the stage of the maximum pre-
dicted flood shall be approximately Elevation 22.5 at the rail-
road bridge as shown on Appendix Plate No. 23 of the "Report on
Survey for Flcod Control, Thames River", dated 22 December 1939.

e. A recurrence of the maximum flood of

record after improvement of the channel but before completion
of the reservoirs shall cause only minor demsges.



2. Flood Magniﬁudes Considered. - The peak
discharges of the floods considered in the design of the
Norwich Channel Improvement are as follows:

September 1938 flood (actual occurrence)

Q = 75:000 o.f.Sn
| September 1928 flood modified by 7 reservoirs
Q = 31,000 cefes,

Maximum predicted flood under existing
172,000 cefuss

H

conditions Q

Maximum predicted flood modified by 7
112,000 c.f.s, :

reservoirs @

Hydrographs of the September 1938 flood and Ehe maximum
predicted flood at Norwich, with and without modification by
reservoirs are shown on Plates Noa. X and XI.

3. Design Details. =~ a. Effect of Tide., =
Mean high water at ¥New London is 2.6 feet above mean low
water or approximately 1.3 foebt above mean sea level. This
elevation of mean high water is 0.1 foot higher than that - -
shown on Plate No. XII and is taken from a more recent deter-
mination. At NWorwich, 15 miles upstream, mean high water due
to tidal asction is 1.8 feet above mean sea level. For approxi-
mately 98% of the time, flow in the Shetucket River is so small
that high tide at Norwich is 3.5 feet above mean sea level or
lower, However, this is not true for freshet conditions in the
river when stages at the mouth of the Shetucket River are
controlled by backwater in the Thames River. Tide levels at
New London affect these stages for discharges up to about
75,000 c.f.s,. '

b, Shetucket River Tailwater. - During
the September 1938 hurricane, the tide at New London rose to
8.l feet above mean sea level,. The corresponding stage at
Norwich was 1.7 feet above mean sea level. The drop in water
surface elevation from Norwich to New London was 6.3 feet in
15 miles or approximately Q. foot per mile. This high tide
and the corresponding peak stage at the mouth of the Shetucket
River were very nearly synchronized with the peak discharge of
the Shetucket River which was 75,000 c.f.s. A study of flow
in the Thames River determined thet the stage at the mouth of
the Shetucket River must be 13.0 feet above mean sea level when
the Shetucket River discharges 75,000 c.f.s. and the tide at
New London is within its normal range of 1.3 feet above to 1.3
feet below mean sea level,

Note: - Addenda dated June 1945 and September 1945 include
summaries of computations to establish this freshet
stage-discharge relation, and are inserted herein follow-
ing the Photographs (see index of plates, Page 25).
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o Tldal observat*one of limited extent made
during the period 18-20 Juhe 1917 esteblished that when the
tide was 1.3 feet above mean sea level at Wew London, ‘it was
1.8 feet above mean sea level at Nowwloh. The mean dlscharge,'
during this period wes mot recorded because there were no
geging station records at that time. However, Connécticut’
River discharges for the same period are known. Comparison of
simulteneous records for the Shetucket and Connecticut Rivers
in May and June of 1940 and 1S4L2 when general runoff conditions
of both rivers were alike, made possible the determination by
analogy of the Shetucket Plver dlscharge of 18-20 June 1917 as
2 6}_0 c.f uSo

From these data, two points on the Shetucket
Rlver tallwater ratlna curve were establlshed_ viz.: "

75,000 cef'es. at El. 1500 MaSale
. 2 610 CofoSo a.t El- 1.8 MeSele

Q
Q

These points were plotted logarlthmlcally and the entlre ratlng
curve was developed from thls plot. Tbe ratlng curve is shown
on Plate No. II. = . Y
c. Derivation of loss Coefficitnts. =
The only flood profile observations availaeble were tnose made in
September 1938 when the dlscharge'was 75,000 ¢.f.s. * Values of
Menning's "n" that included the effects of all flow condltlons
were developed for this flood. Water surface profiles for Q=
75,000 ¢.f,5. were computed for tailwater elevations of 1l.7 and
13,0, which reflected the same flood conditions, ex1st*ng chan-
nel condltlons, and hurricane tlde gonditicns and normal tide
‘conditions respectively at New’ London.' The data so established.
were used to compute the loss ooefflclents as described below,
Since the proposed channel 1mprovement lies ertlre¢J dovmistrean
from the railroad bridge, computations for the breakdown of
losses were restricted to the reach affected by the design.,
Losses were considered to. be composed.of three parts, viz.:
friction loss, bend 1oss and: eddy-loss due to expansion or con-
traction of the water areas. . . :

The total bend loss between the rallroad
bridge and Laurel Hill Bridge was assumed to be equal to0- 20% of
- the net change in velocity head between these sechions.. (Total
change in direction equals 8L degrees.) ~ This value amounted to
approximately 30%.of the average velocity head through the bend
and this evaluation of bend losses was used in all subsequent
studies since the proposed 1mprOVement does not change the ex~
isting channel allnement -
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, Eddy losses were camputed as contraotlon
loss = K3 Lb.hv, and expansion loss = Ko A\ h,. Friction losses
were computed by. the: Menning formula. The relations between Kj, Kp
end Manning's "n" were computed for various assumed values of -
X; and for.Q = 75,000 with tailwater at Elevation 14.7 and 13,0. -
The combination that gave the closest agreement in values of "n"
was adopted. '

Final formulas for losses.are listed below:

. Friction loss w Tt = 0,04
.Bend loss. . . =l =.0,30 by
“Centraction less = h, = 0.06 Jﬁghv
Expansion loss - hg = 0. §5 N\ by

‘where h; =.average velocity. head between the railroad bridge and
Laurel Hill: Bridge and : 2 hy = change in velocity head- between
sections.

' d. Superelevatlon. - Actual observation of
the September 1998 fTood at Norwich disclosed no definite ride
up of water in-the existing channel. Thete were extreme tur-
bulence, splash, standing waves diagonally: part wey across the
river, and surges about four feet high which attacked both banks
alternately. The high water marks on which the computed water
surface. profiles:aré baséd were well bick from the bank of the
river and well distributed in 1ocation’ for' check purposes. It
is considered that the computed profiles:are: correct within
practicable limits. of accuraty. No special allowance for.super-
elevation is considered necegsary. .The improved .charmel will
retain its present awkward alinement since it is . not feasible.’
to change it, Much: of the turbulence observed under existing
~conditions will remain; and for the maximum floods:the obstruce

“tion offered by the underside of 'the railroad bridge at the be-
ginning of the sharp bénd:.in:the river will preclude the forma-
tion of any definite. téndency. to:superelevatlon of the water
surface around the out81de of- the bend. g CL -

e
.e, Improvement Studles.l— Only minor.
changes 1n the plan of improvement proposed in the Thames River
Report on Survey for Flood Control are necessary. . The principal
changes are the result of further foundation 1nvest1get10ns.
These investigations indicate that no rock excavetion should be
made within ten feet. of an: ex1st1ng or. proposed struecture because
of the poor condition. of theamasonry retalnlng walls and . the . rodk
upon which they are .founded. The alinement aaopted therefore
represents the maximum.usable wldth conskstent with the foregorng
requlrement, The. problem is thus reduced to determlnlng the
most satisfactory bottom proflle.. In order, to .eliminate the large
expansion losses which occur under ex1st1ng condltlons, the low
point in the bottom profile must be under the Laurel Hill Bridge.
Verious elevations at this point end various grades above and
below were studied. The adopted plan best satisfied the design
criteria and is as follows:
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Bottom Profile: Level at El. - 32,0 under Laurel Hill
Bridge (Sta. 5 + 75 to Sta. 6 + 15); rising on 3.25%
downstream from Sta. 5 + 75 and L,.80% upstresm from

Sta. 6 + 15. Estimated volume of excavation: 36,000 c.y.

Water surface profiles extending up-
stream to the U. 8, Finishing Co. were developed for this plan
for the following floocd discharges:

1. Meximum predicted flood reduced by the seven res-
ervoirs of the comprehensive plan - @ = 112,000 c.f.s.

2. Meximum flood of record reduced by the seven res-
ervoirs of the comprehensive plan - Q = 31,000 c.f.s.

3. Maximum flood of record with no reserveirs in
operation -~ @ = 75,000 c.f.5.

General plens, profiles, and cross sece-
tions of the adopted plan are shown on Plates Nos. II, III,and
XIII through XVIITI. Rating curves at the reilroad bridge and
at the U. S. Finishing Company are shown on Plates Nos, IV and V.
Water surface elevations at the railroad bridge are given in the
following table for normsl tide conditions at New London. For
the 1938 flood and hurricene tide condition the water surface
elevation at the railroad bridge was the same as that shown in
the table for 75,000 cef.s. in the existing chennel.

. =E1. Of ﬁ- S.

Flood . Conditions ,Q'c'f‘s'gat BR Bridge
: - H :
1938 : No reservoirs; Existing Chennel ; 75,000 ; 23,3
: Yo reservoirs; Improved Channel : 75,000 : 16.1
t 7 reservoirs; Existing Chammel : 31,000 11,1
:+ 7 reservoirs; Improved Channel : 31,000 : 8.6
Meximum ; 7 reservoirs; Existing Channel :112,000 : 22.0
Pro- : 7 reservoirs; Improved Channel 112,000 : 23,0
dicted

s aa

“w as @

NOTIE: - Shetucket River backwabter computations for & discharge
of 75,000 c.f.s. are included in Addendum II. (See
index of plates, page 25.)
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V. PROPOSED CHANNEL IMPROVEMENT

A., SCOPE,

The proposed improvement to the channel of the
Shetucket River at Norwich. Connecticut consists
entirely of rock excavation starting at the New Haven
Re.R. dridge and extending downstream for approximately
eight hundred feet. The project will be centered at the
point where the centerline of the existing Laurel Hill
Bridge intersects the channel centerline at Sta, 6+00.

The channel width will be increased under the bridge
between Sta. 5+80 and Sta. 6+20, to 108 feet and will be
excavated to 32.0 feet below Mean Sea Level, The width
of the excavation will increase from 108 feet, at Sta.
6+20 at the highway bridge, to 138 feet near the railroad
bridge upstream and the chammel bottom will be excavated
on a rising grade as shown on lLayout Plan Plate No, XIII,
From 108 feet, at the highway bridge at Sta. 5+80, the
width of excavation will be gradually increased to 132
feet at a point approximately two hundred feet dovmstream
and will be excavated on a rising grade as shown on Layout
Plan Plate No, XIII. At the points where the rising grades
of the bottom excavation intersect the existing bottom,
transitions will be made grading the widening and deepening
into the existing chennel., The use of fifty foot chords %o
define the side liuits will facilitate the drilling. The
locations and proliles of the side limits of the proposed
channel excavation are shown on Plates Nos. III and XIII,
The alignment of the side limits of excavation are so-placed
as to establish a minimum clearance of ten feet between them
and the existing masonry retaining walls on the banks. This
is necessary due to the poor condition of the retaining wells
and their jointed and fractured rock foundation. Any great
disturbance of this rock foundation, such as might be caused
by blasting close to the walls, might possibly weaken them
or cause their failure,

B. EXCAVATICN PROCEDURE,

The proposed scheme of procedure for the channel improve-
ment will be the repetition of drilling, blasting and dredging
of the rock, starting at the channel centerline and working
toward both shores., The side limits of the excavation along
the banks will be close-drilled with wvertical holes spaced not
more thean one foot on centers. An extensive system of range
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lines will be provided for the control of the alignment
of these side limits, which will be tied into the present
survey traverse and coordinate points, as shown on Plate
No, XIII.

The first operation will start on or near the channel
centerline where the rock will be drilled and blasted to
open a slot approximately twenty-five feet wide and to the
final depth required, All of the rock loosened by the
blast will be removed befors the work progresses toward
the shore. The next line of holes will then be drilled
and blasted toward the open face made by the slot in the
previous operation. All of the loosened rock will be
reméved before the above process is repeated. The work
will then progress toward the shore working to the full
channel depth at each step., A series of datum points
will be maintained on the shores for reference in depth
control, These will be necessary as the drilling of the
holes will be made from drill~boats that will be working
in water depths of ten to twenty feet and subjected to
the tidal action of the river, The blasting will be
limited to light charges to prevent damage to nearby
structures, property and the public. Experiments will
be conducted to determine the spacing and the depth of
the holes and the amount and type of dynamite that can
be safely used. The line of close~drilled holes along
the gide limits of the excavation will not be charged
with dynamite. But, as the excavation approaches the
side limits, the spacing of holes and charges of dyna-
mite will be made in such a manner as to cause the rock
to break along the 1limit line without disturbing the
adjoining structures., The rock and other materials or
debris excavated will be spoiled on approved dumping
grounds. Two privately-owned dumping grounds are located
on the east bank of the Thames River approximately four
miles downstream., The New London Public Dumping Ground
is located approximately 18,6 miles from the site in
Long Island Sound,

The quantity of rock excavation is estimated at
31,000 ocubic yards with an additional allowance of
3,000 cubic yards for over-breakage. This estimate
is based on soundings taken on & 10! x 50! grid with
one foot allowed for over-breaskage. It is estimated
that the entire project can be completed during one
construction season.
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VI, SUMMARY OF COST

The proximity of the commercial center of Norwich
and the railroads along both river banks, limiting the
blasting operation to light charges and close-drilling,
have been considered in the unit cost of the channel
improvement, The cost estimate has been increased 10%
for contingencies and 15% for engineering and overhead.

The cost for the lands, easements and rights-of-
way and legal expenses thereof, together with the cost
"of moving or reconstruction of the highway bridge will

be borne by local interests.

ESTIMATE OF COST

Unit
Item Quantity Tnit Cost  Amount
Reck excavation, -
dredging 31,000 coys  $13.00 $LL2,000
" Rock excavation,
overbreakage 3,000 CeYe 6400 18,000
Close-drilling 31,500 Lin.Ft. 3,00 94,500

Contingencies 104

Engineering & Overhead 15%
T OTA L - L] - L] - L] * L L4 L ] L] - L] L ] L d » L]

- 2% -

$55% ggg
$81 éo': 000

91,000
$701,000
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- VEI. CONGLUSIONS

- A. ~ GENERAL. - It is mot possible to protect the
lower part of Norwich near ths irouth of the Shetucket River
“against major floods by meaens of this channel improvement be-
_cause stages in this-drea are controlled by backwater from the
‘Thames River. However, as outlined below, the comprehensive
plan will provide the principal business center of Norwich with
complete protection against the maximum flood of record which
has & frequency of occurrence of one in 150 to 200 years.

Some benefits in the form of stage reductlons
will be realized at the U, S. Finishing Company (Mile 1.6), but
the stage of the maximum flood of record modified by the entire
comprehensive plan will still be about Il feet above the stage of
zero damage.

‘B. PROTECTION AGAINST RECURRENCE OF THE MAXIMIM FLOOD
OF RECORD. - At & discharge of 75,000 c.7.8. (6quaL TO The septem-
ber 1938 flood with no reservoirs in operation) there will be a
freeboard of about 3 feet apainst entry of water into the'business
center of Norwich. Howevsr, there will be sufficient water in
City Landing to demage the Palace Theatsr and other buildings on
this street. This damage probably could be eliminated by temp-
orary closure such as sandbags. The W.Y., N H. & H. Re+R. track
and the transfer track on the right banﬁ‘w111 be under 3 to 5
feet of water.

At a discharge of 31,000 c.f.s. (equal to the
September 1938 flood medified by seven reservoirs) the freeboard
against entry of water into the business section of Norwich will
be about 10 feet and there will be a freeboard of about 5 feetb
against entry of water into City lLending. Freeboard for the
railrosd trensfer treck will vary from zero at the mouth of the
river to 6 feet near the rzilroad bridge. The same or greater
freeboard is maintained for the railroad upstream from the rail-
road bridge.

C.  PROTECTION AGAINST THE MAXTMUM PREDICTED FLOOD. -
At e discharge of 112,000 c.f.s. (maximum predicted flood mod-
ified by seven reserv01rs) the river stege at the railroad bridge
will be the same.as that which accompanied the September 1938
flood. Without the operation of reservoirs, the channsl improve-
ment is ineffective against the maximum predicted flood (Q =
172,000 c.f.s.} which is 129% greater then the maximum flood of
record and which has & probable frequency of occurrence of once
in 1600 years.




D. SUMMARY. - The:adopted plan provides maximum

feasible protection against the maximum flood of record both
- before and after modificetion by the seven reservoirs, and re-
duces the stage of the maximum predicted flaod modified by
seven reservoirs to within omne foct of the stage required by
- griterion bs This elevation is within the limits. of zeccuracy
'of the computations because considersble variation in stage
due to surges is expected. (See paragraph D=1 on page 17.)

The foregoing statements are based  on analysis
of all available data, A check of these results by -a: model.
study probably could be made if recquired.
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Plate No.

VIII. INDEX OF PLATES

Title

I Map of Watershed

I1 Plan and Profile

111 Site Plan and Soundings

Iv Rating Curves at Railroad Bridge

v Rating Curves at U, S. Finishing Co.

Vi Rainfall Stations in Vicinity of Thames
River Basin

VIl ‘Loeation of Rainfall Stations in Viecinity
of Thames River Basin

VIII Precipitation — Sterm of March 1936

IX Precipitation ~ Storm of September 1938

X Hydrographs of September 1938 Flood

X1 Hydrograph of Maximum Predicted Flood

X11 New London, Conn. - Tide Curve September
21, 1938 '

X111 Layout Plan and Grade Profiles

XI1v Sections - Ng. 1

Xv Sections - ﬂo. 2

XvI Sections - Ne, 3

XVII Sections - Na, 4

XVIIiI Sections - ﬁo. 5

XIX Organization Chart - Engineering Division

PHOTOGRAPHS

ADDENDUM T

ADDENDUM XX
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PANORAMIC VIEW OF SOUTH RIVER BANK




PANORAMIC VIEW OF NORTH RIVER BANK. NOTE
RUBBLE MASONRY WALLS aND ROCK OUTCRGP
NEAR WATER BURFACE.

UPSTREAN CONTINUATION OF VIEW OF NORTH
RIVER BANK SHOWN ABOVE




VIEW OF SOUTH ABUTMENT LAUREL HILL BRIDGE

VIEW FROM BRIDBE LOOKING THRU SCUTH PORTAL
SHOWING STREET INTERSECTION  BRIDGE T4 BE
MOVED 25 FEET TOWARDS INTERSECTION




VIEW OF EAST PORTAL OF R.R. TURNNEL
UNDER LAUREL HiLL AVENUE

VIEW OF WEST PORTAL OF B R TUNNEL

UNDER LAUREL HILL AVERUE




DUOWNETREANM VIEW SHOWING R.E BRIDGE ON LEFT
AND LAUREL HILL BRIDGE IN CENTER

VIEW LOOMING UPSTREAN SHOWING RALROAD BRIDGE
AND ITE WEST ABUTHENT OM S0UTH BANMK




VIEW OF RUBBLE MASCNARY RETAINING WALL
SUPPCRTING R.R. TRACK ON SOUTH BANK
BELOW WEST TUNNEL PORTAL

: VIEW OF ROCK FACE JUST 30UTH OF WEST
' BB BRIDGE ABUTMENT. THIS ROCK
FORMATION 13 TYPICAL OF THE AREA




HORWICH CHANNEL TIPROVEMENT

ANALYSIS OF DESIGN

ADDEINDULE I

TATLWATER ELEVATION AT IORWICH FOR
TRXTIMUII FIOOD OF RECORD



Given = Observed data = Sept. 1938 Flood (hurricane tide condition):
Shetucket River § = 75,000 ¢.f5.
Water Surface at Norwich: Ble Upe7 mesel.
Water Surface at New London: Rl. 8.4 mes.l,
Length of Reach = 15 miles

Problem: What 1s water surface elevation at Norwich when water surface
at Hew London is El. 1.3 mes.l, (normal tide condition), and
Shetucket River Q = 75,000 c.fes4?

Solution: Ho bank to bank cross-sections of the Thames River are avail-
able. However, the average dimensions of the mavigation channel ars lknown.

From these data & typical channel sechion wes assumed. This section and
curves of A and ARZ/3 versus elevation are shown on Plate No. Al.

The value of Memning's n for the 1938 flood based on observed
water surface elevations at each end of the reach, Shetucket River dis-
charge, and the typical section was determined to be .026. Computation
of this value is shown on Plate No. 42,

The next step was to determine the values of n for several as-
sumed water surface elevations at Norwieh with the water surface at Hew
London at Bl. 1.3 mes.1l. using the same section and discharge as before.
These computations are shown on Plate Mo. A2,

Valves of n were then plotted against the corresponding assumed
water surfaces at Norwich as shown on Plate Wo. Al., The correct water
surface elevation at Norwich for Shetucket River = 75,000 c.f.s. was

teken as elevation 13,0 m.s.1. corresponding to the previously determined
value of n = 026,
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NORWICH CHANNEL IMPROVENMENT

ANALYSIS OF DESIGN

ADDENDUM II
CHECK ON TAIIWATER ELEVATION AT NORWICH
FOR MAXIMUM FLOOCD OF RECORD
AS ESTABLISHED BY ADDEKDUM I
AND

SHETUCKET RIVER BACKWATER COMPUTATIONS
FOR MAXIMUM FLOCD OF RECORD

SEPTEMBER 196



CHECK ON TAILWATER ELEVATION

Observed Water Surface Elevations

Mean high weter at New London El. 1.3 MSL
Hurricane tide (21 Sept. 193%8):
New London ' El. 8.1 MSL
Sub Base Ei, 10.2 MSL
Norwich El. 14.7 uSL

Discharges of 21 Sept. 1938,

At mouth of Shetucket River 75,000 c.fus.

Estimated at mouth of Thames River 90,000 c.f.5.
Computations

Sheet 1: Check on derived valuss of n for @ = 75,000 c.f.s.
Sheet 2: Norwich tallwater for condition of mean high
water at New London based on derived values of n and Q@ = 75,000 c.f.s.
Sheet 3: Norwich tailwater for condition of mean high
water at ¥ew London; based on the lower limiting value of water
surface -elevation at Sub Rase,
Computations similar to those on Sheets 1 and 2 but with
Q = 90,000 c.fos, checkad the Worwich water surface elevation
within 0.04 foot.

Results

Tailwater elevation computed in Addendum I adopted as
correct for design of Norwich Channel Improvement,



’

Hydraulics Section

Office

BACK”ATER COMPUTATIONS

Computed by , FaC.T.

U, 8. Engineer: Date Augus
Providence, R, L. Themes River - Flood of 21 Septembsr 1958 - Hurricans Tide )
RO ONINCR 7 N N W W2 o oo o T 0afas) oo _Gs) f ol On [ as )
1000's Average ope jeki § Head Loss Hater
Sect. | Length | Dis- Caney)_ Convef;_ 5 s=!~éﬂz F“ig::’ Arca Veblg:z?ty Ve;::;ty h, v S;’;‘a;f ] E::fgz Surface
charze ai;ce ; g’.n’fe ' ET] 1(7) x(2) | Section [(3) / (9) h, AN tion :?.%g‘ Hlosses I 207 1m—(11)
£+, GofoSe 1,486 AR"/” ft. sq.fb. | £t./sec.  ft, £t. ft. ft. || ft. |ft.m.s.uft.msl,
Nale 75,000 i 3,250 192,000 1 Qa39 0,00 New_London Harbor 8.0 81 8
26,400 1,935, 5 <216 50000700 i - ' 1.85
Sub 620 43,600 | 1.72 08 Submhrine. Base. 10.25 10,2 %
6,000 520.._ 1 .0L9 . 00005499 - L3201
long Lo 35,100 § 2,13 Wers long Gove 10.55. 1 1018
9,000 285 L 0000910 82
Gales 350 30,300 2.47. 209..} ... Galek Ferryi .. - SN 10 5 T v UL N B %=
: 3,600 302 000148 : .53
Kit 255 - 20,000 3,75 228 _Eitemaug 11.90 11.68
5,400 LB 00N061L : .35 ‘
Mag é80 62,800 1.19 e Masgapeang 12.2% - i 12.2)
6,000 see 0000h 95 : +30
Stod %65 zz,hon .. 2.32 .08 Stodfard HiT) 12.53 1245
52900 322 200130 77 "
Mo 280 26,0 ! 2,90 233 Mohekban : 132301 13,17
9,400 330 000120 ) .16
Th 280 35,400 2.12 .07 Thamésville WmLlb  3.39
4,700 hos L L.QhG 0000551 37 :
Nor, 75,000 610 - 37,900 | 1,98 .06 Norwich 1,83 .77
7 Checks to ,Q7 :
; =—i  (observed W.§. = 1;.7)

* Observed high water marks

Sheet 1




Bydraulics Section

BACKVATER COMPUTATIONS

Computed by .FsCeTs

¥, 8. Engineer Office D
ate —
Providence, R. I. Thames River Diascharge of 21 September 1938 ~ Normal Tide . .
(6] (2) 3y | ) " (5) (6) I _(7) (8)_1f (9 i (10) iv (11} (12) | (13) _Ga) (s) | &) an 1 (s
8} Average Slope § i Head Loss i - Hater
soot | songen | psa- {Toomeint Gl n | PO R L B e f5m o | Bnexey | surtie
charg:e ance ance K] 1(7) x(2) {} Section [3) / (9) . n, FANM ,thl::ge' E?gtﬁ' er. Losses pradient (17} ==(11)
ft, 0.f.8, 1.486 AR"'° 1%, sq.ft. | £, /fa0c, £t ft, ft, £t. ft, §| £5. ftemes.l ftoms.d,
| Nalas 75,000 2,300 : 156,500 | 0.L48 0.00 1,30 1 1.3 #*
26,k00 et 1,380 216 1.000138 . o , 2.8
Sub Léo . 26,100 ;2,08 07 L.ay | L.87
6,000 372 049 | .0000975 _ ' 59
Long 285 27,500 1. 2.72 .12 5530 5al1 .
2.000 270 +0001.85 ' . 1.66
Gales _ 255 — 24,700 0 Bl.0h . WA - N 7.19..1 7.08
3,600 - 230 000215 2R
Eit 205 . . 17,000..1_ Ldid 30 ) 8,01 | 7.81
5,100 352 000109 £ .
Mas ) 500 52,000 1Ll +03 Ba7CG [ B.67
_ 6,000 30 L. 0000888 W53 -
8tod 280 o7,hoc i 2.7h .12 9.23 | 9.11
5,500 252 000213 1.26
Mo 225 22,300 5 3.36 .28 . 1049 120,31
9,400 270 H001.85 1.7L
Ih 315 31,500 . 2.38 +09 12.2% ¢ 12.h
6,700 4ho U9 | ,0000698 L7 .
Nor, 75,000 565 35,900 | 2.09 07 12,70 1 12,63

* Mean High Water

Sheet 2



Hydraulics Section

U, S. Engincer Office BACK™ATER COMPUTATIONS Computed by ...FsC.Ts :

Date 0. Septambar A5

Providence, R. I. Thames River - Discharge of 21 September 1938 - Normal Tide L
Ay ) (@) (3 0 (&) 1_) 1 (8) (7 @T\H (8) i (10) (11) (12)“_4;5)__,__3_(%4) (18) £ (18} ) (17} w(m)
N N . - . a_
Sot. | Longtn | Dio- | Gomvey-l goniet?| o |° %8| FriotE area | Mewn Weleoity |} Readlots s of | maergy | Mefer
charze ance ance ¥ ]_K:] (7) x (2) || Seation I3) / (9) £y ¥ [ontracdExgan- | Other L pradient 17)—{11})
Q K P _ - {1 hy tion | sion L08Ses
ft, cof .S, 1,486 aR“/" rt. sq.ft. | ft./sec.  ri, Tt. ft. | ft, £t. || ft. ! ft.ms.l ftums.d,
Sub 75000 i Lo 33,600 2,2% 08 ' 3.18 7S )
S 8,000 : 330 L4 00019l . ) . sh ;N
Long 250 25,200 2,98 M1 3.92 3.78
9,000 2ho 000235 S 2.11 )
Galss : 2%0 23,100 1 3.2h 216 6a03 GaB7.
3,600 210 +000306 1.0
Eit . Sleo 16,300 1 N.80. 0. W33 .1 oL i NSV S | WS Wy /% L. T N -0 -
15,400 %25 »000128 . 59
Mas Léo h9,000 1 1.53 o' . 782 7478
6,000 340 Nosioxlal} .53
Stod, 260 ; 26,200 1 2,8 13 ‘ 8.5 8,32
5.900 235 000240 1.l
No 210 21,400 2.50 .19 9.89 Q.70
2L00 ' 255 2000207 ' - 1487
Ih 300 30,500 1. 2.6 09 . - IaZ6_ i 11.67 |
6,700 Li28 L9, 0000737 . N - I S i
JHor T8 500 555 25,500 2,12 07 ) 12.28 12,21 *
L

* Note: El. 3.1 at Sub Base established by assuming same loss between Sub Base and New London Harbor as was observed on 21 September 1938.
With mean high water in New London Harbor, loss will be greater than that of 21 September 1938 for same Q. Therefor all points on
profile must be higher than those computed abova.

Sheet 3



[ERES

A RNEEE N

16 I

L1

! Ry pos
: ;
,ﬁ . :
: ¢ o8
N4 N
4k L
;
T 3
i3 EAS
-
T 11
i i
: a YR EERREY
Pty :
i
I +H yne Shn s
: 10
! ]
: REERSSEEE : | :
KRN W) 5 : p
3 i r | ) ; ; ¥ e
+ i i i i i




Basic Data

Q = 75,000 c.f¢S.

1938 Hurricane tailwater El, 1.7 MSL
Normal tailwater with mean ‘
high water at New Lendon Bl, 13.0 MSL

Observed high water marks
as shown on profile

Computations

Sheets 1 and 2: Check on derived all-inclusive n values (see
profile).

Sheet 3: TWater surface profile for condition of normal
teilwater.

Sheets L and 5: Check computations using derived wvalues
of n (friction only) and coefficients for expansion, contraction
and bend losses.

Sheet 63 Final check on design proposed in Definite
Project Report.

NOTE: - Stationing is that used in Definite Project Report.



Hydraulics Section

BACKVATER COMPUTATIONS

Computed by ... AslHala

* Shortened length due to flood

¥, 5., Enginger Office Date 10 May. 19uk
Providence, R. I. Shetucket River - Flood of 21 September 1938 - Hurricane Tide - Bxisting Channel -
RO )y 1) i () i (7 8y fl_ 9y i 10y | _fi1) {12) (13)E (18 Gs) L e ) Gn | Qs
Average Slope 5| Frictio Area Meﬁfl Velocity : ead Loss Sum of { g fater
Sect, | Length | Dis- Convey-! gonvey- n . Qu Loss of Velocity| Head h : Head [ ~D°T8Y [Surface
charze ot ian;:ey : I:—K;! (7) x (2) || Section |5) / (9) . h, AN Coing;n- E;?_gﬁ- Other. Losses [T ooient (17)—(11)
N ft, c.f.5. 1.486 AR™° ft, sq.ft. | ft.fsec, £t ft. t, £, £, || ft. | Mt.m.s,l ft.mel,
T2+6Q 75,000 £:167,000 13,9001 540 L5 29,75 . 29,3 s
150 U5 055 i 00081 L ) .36
é8+10 123 12,800 | 5.95 «55 29,29 ;. 28.84
i hio i 128.5 «00203 _ 41 ;
&4+00 L 13,300 i 5.6 L9 28,98 i 28.L9
570 13L.5 0004, o5 i
58430 135 13,200 0 5.68. .. .50 .. - - RS IS 1) - 7% - '
£ 990 128 0010L ; 1.0% .
La+o 23 9,650 ¢ 7.78 n: N R : 27.J0 1 26.47
700 U8 00078 . 255 .
L1450 175 12,200 | 5.68 +50 26.86 | 26.36
7590 172 ;200058 : i3 M
33490 169 15,600 i L.80 +36 26.43 | 26,07
10 5.5 +D0080 : 43 : U )
28+50 ize 9,500 790 <97 s 26.00 | 56,03
 Bridge! L0 120.5 00117 : : : .05 P
28+10 119 9,200 1 .8,15 1.03 25,95 2h.o@ |
;570 131 0099 : 1«56 . o
22440 % ©12,200 | 6.15 +59 25.39 1 2h.80
i 535 ! 151 00075 S S I . N - oL _
17405 159 525,850, h.91 «37 .+ 2hiee : 2L.6&2
iw hoo 128.5 .00089__ : . . " e L 36 L o
12455 118 ‘ : 11,900} _6.05 57 2h.63 | 24.06
i..235 114.5 00130 z i3l . N
10420, 4 111 ' 9,150 8.20 2.0l _igk.xe 23,28
| Bridge 30 : ' 105 055! 0018, L_«05 - .
9450 . 75,000 99 - 8,170  9.18 1,31 2L.27 2.%
conditions. ** Interpolated from high water marks.

Shest 1



Hydraulics Section

BACKWATER COMPUTATIONS

Computed by AyHaDy

U. 8. Engineer Office ‘ N Date 10 Max. 190
Providence, R. T, Shetucket River - Flood of 21 September 1938 - Hurricane Tide - Bxisting Channel - .
A 1R ) ey fo(8) (6)_1. (7 (8) (9) _{ (10} | (1) (12) (3. _(Qa__(s) | Ger| Gn | (s
Fsaot. | tongtn | pro- | comoye| §oorst?] o e | i A | ot Fejeotty) St of | pnengy | T,
chgrge apee an’cay ° ]_ K |(n ;S(Z) Section {3} / (9) . h, FANM C°€§§§°’ E’;‘i";g’ Other. Losses | -204°2% (17)—(11)
£t, c.f.5. 1.486 AR“/® rt. sq.ft. | £+, /sec.| fi, rt. ft. | fE, fto il £t, [ft.m.5,14 rt.msl.
2400 75,000 i 82,500 : 7,950 Quh3..1 1238 i 16,08 U7 s
165 i 69.25. 1% 1001 .01170 A i . 1.93
3465 56 : 52200 i M.k 3,22 18.01 .79
210 L8.0 * ,0B8 : .018% 3.97 -
5+75 Lo _ 2,500 i 21.3 7003 21.98 111,95
Lo L0.5 L059.;..01190 , 0.8 :
6+15 L ' 3,700 1 20.3.. 1 6.0 .. e o e 226 160060
85 L7.25 00878 0.75
7+00 935 Le2ro | 15,9 3.92 27,21 19,29
105 57.25 005908 0.6% .
8405 & 5.300 i .l 3,08 23.8) | 20,76 %
75 T3.0 00368 Q.28 )
.B+80 85 7,500, i 10.Q ... 1.55 2.2 22,8721
110 92.0 +05%.1 +00231 0.25
9+90 75.000...99 8,170 9,18 5. Ja31 257 i 23,06
1 Cheeks to .10v, !
see Shest 1
|
%

* ¥inimm value of n.

** Obgerved high water mark.

Sheet 2



Hydraulies Section
U. 5., Engineer Office
Providence, R. I.

BACKYATER COMPUTATIONS
Shetucket River - Discharge of 21 Septembér 1938 = Normal Tide - Existing Channel

Computed by ...AalaDs

Date

LB e Jw e Tel ol ol o o) oyl 6)fan G0 Qs e} Gn | _0s) ]
Average Slope i e 3 . Head Loss | Water
Secti | Lemgth | Dis- | Convey-| conva®”| # n szl"é’_‘r’ ool MR veloowy | mes ¥ | o n b et ot |, E7O7EY | Surface
chgrg;e 9.;(106 ence K] {(7) x(2) || Section @)/ () . h, FAYA oi:ig;q- E’;‘ii‘,ﬁ' er. Losses Eradient (17)—(11)
ft. c.f.5, 1,486 AR“/" ft. sq.ft. | t./sec,  fb, £, £t 1 ft. ft. §| ft. |ft.m,s,ft.msl
2400, 7540005 72,000 7,300 10,3 1.65 i .65, 0 13,0 _»
165 ' 62,5....0300_ 1. .0l 2438 N Cols. |8 & 16 icheck to .20 . i 2.18
#+65 53 4,900 15.3 %63 16,83 18.2 |
210. ...l48 L0881 _.0215 L5852 : oM LB 1255
575 37 %, 350 224 7478 : i 20ah8 L 13.7
Lo 38 05910135 054 . AU AL RO Y Oelsb =
6+15 29 3,600 20.8. i _ 6.72.. o 2192 ! 15.2
85 b5 +0099 0.4, L .12 0.72 ;
7+00 50 L. 520 16,6 Lia28 22,68 1 _18.L
T 21,25 D067, 1 0.70 : LI LN BN S Y 2.81
8+05 58,5 5,160 h.5 3,25 i 23,56 | 20,3
f 15 70.75 {0039 029 GO L O SR A SO s 0,39 :
B160 : 83 : 7,50 10.1 2.58 23.88_ | 22,3
110 Q) 059, .002h Q.26 ST A0 S P -~-3 048 3
9+90 75,000 3 99 8,170 9,18 5. 1.31 : 2le3l | 23,0
Adopted Values
Sta. E. G. W, S,
2+00 14,65 13.0
b L 3+65 16,93 13.30
5+75 2146 13.68
: 6+15 21,96 15.2l
- 7+00 22,7 18.06 R =
8+05 23.49 20.23
8+80 23,83 22.25
9+90 . 2h.20 22.890 ,

* Values of n cietemined for urricane
tlde condition. See Shoet 2

»** Computed elevation, see Addendum I

Sheot %



Hydraulies Section BACK"ATER COMPUTATIONS Computed by — AuH.Ds

U, 8, Engineer Office . Date . 12 Merch 19G6
Providence, R, I. Shetucket River - Flood of 21 September 1938 - Hurricane Tide - Existing Channel ) "
SN (3). ) (o) . f_ () _{ (&) | mm (3§ () | (10) (11) {12) (13)_3_ _a,,(‘il;g), (18) | (e} i (17) (18)
: e ope i e i ead Loss Water
Sect. | Length [ Dis- Convey- éz:::?- n | Z!';g,_rz:lz Friﬁ::’ Ag%a Velllo:?ty Veé::;ty L 6';:1_'!_&0_ E ; Othor S;{u:agf ‘rE;‘;rg-I Surface
charze agce snce | X | | (7) x(2) §} Section |3) / (9) . hy FAY biom :gzi' Bepd dLlosses | Adient i —(11)
. Cofus, 1,486 AR"" ft, 5q.ft. | ft./secdd £, 1 ft. ft. | Pt ft, | £, {ft.m.s,1]ft.msd,
2400 75,000, i: 82,500 : 7,950 193 1.38 (R=a08). (K=.83). 8° 16,08 a7
1165 £9.25 LOlJy 100207 i .37 . 1.8, 1,53 it 42,90 :
%465 = 5,200 1. 1.k 2,22 17.98..1 1h.76
210 h8.0 00L73 .99 381 2.16 Hels oi
5+75 ) . : 3,500...0.21.3 7403 : : 22.13 .0.15.10
Lo 40,5 0662 o26._ 0.63 Ll 230 ‘
£+15 X |1 . § 2,700 ) 203 i 6 b S SAPURR  WURE S~ 1t J000 N -+
189 L7.25 00488 il 248 215 #85.....iL.1.2)
T+ 535 L7201 15.9 2.92 - 23,80 19.72
105 S1:85 00352 o35 0.8 +05 A7 .57
8+05 61 _ 52300 5 bl 2,08 2he2l L 21,13
75 : 7320, ~0020l 15 1.53 00 2195 1 3
8+80 i8S ; 7,500 10.0 1.55 2h.64 2%.09
110 92.0 ol 200129 i 0.2l 01 ‘ 05 5,16
9490 75,0005 99 8,170 9,18 1,31 . Lo 2l.80 | 2309
) 2.67 0.3 1 hb9 102 5 872 ‘ _
: Checks to 0.)3,
5 86e Sheet 2

* Bend loas assumed = 0.2 zAhv =.0.2 x 5,09 = 1,02 = 31% Av. hy
Prorate according to partial totals of degrees curvature and XAk

Sheet L



Hydraulics Section : g
T, S, Engineer Office BACKWATER COMPUTATIONS .comg:::d by...%ﬂﬁn;}m__

Providence, R. I. Shetucket River - Discharge of 21 September 1938 - Normal Tide = Existing Channel _ _
1) @ 1 6§ .1 6 ] (8 (7) (8) {9) i (10) (11) (12) | (a3) _E(_%:) (is) §_ (&)l Qn_ w(m}__.
S 2 ; & 3 . ’ Heau 58 .
Sect, | Length | Dis- (| Convey- 'ggz::;?: n 8:'98.161 2 Fri;::o Aroa ve]{zsz Ve;::;ty B - * S;:agf Energy 3,‘,_.:.‘;-::0
charge ance ‘ I—K——l Section (3} / (9) £\ v [pontreodExpan~ Other #radient -
2 % ance LK (T x(2) | by tion | sion | Bend jiLosses S fam=t11)
£+, c.f.8, 1,486 AR " ft. 2q.ft. | £t./sec, ft, £t. ft. | T%, f£t, || ft. | Pt.m.as.yrt.msd
2+00 75,000 i 721 000 T2 300 10.3 1.65 FK'-Oé) (K-OBB) &L. 1]-[.65 lm____
165 6251 +Oll 1500279 ) T . 1.98 14 2,10
3+65 53 L.900 15,3 5263 18,75 {_13.12
210 L& L0050 1 1.3 : L5 3, hs57
. B+75 : 37 ‘ : : 2,350 22.ds 7.78 ‘ , 21.32 | 1Z.58,
] 78 £00756, 30 : 1.06 Oh 3h
6+15 s 239 — i1 3,600 20,8 1. 6,72 % b ooogoob e o268 k96 -
85 .5 00550 Wy 2t | .15 285, 1 1427
7400 %0 Jia520 16.6 | Le?8 | — 22,05 1 18.67
105 54,25 00370 239 ‘ 1.0% 06 .17 L2 _
8+05 58.5 52260 .5 3.25 23a57..L.20u32_ 4
s 10,75 +00217 16 167 Jo I U= A 111
8+80 83 7,450 10.1..1.-1.58 2lop 1 22,
110 A SOl 1400132 15 0,27 L2 005 5 .18 :
9490 i 75.000 i1 99 ” , 8,170 9.18 i 1.31 - . 2k.20 ! 22.89 |
2,06 W39 i 5.08 (1.0 i 9,65 iz

. Checks .exactly,
-.{ ®ee Sheet 3

i

* Aggigned seme Dend logses as for same @ with hurricane tide. Bend loss = 30% Av. by

Sheet 5



Hydraulics Sestion i . o _ .
U. 8, Eaglioer Office | DHOKTRTER COOTATION - Computed by AR e

Providense, R. I, - Shetucket River = Discharge of 21 September 1938 « Normal Tide » Improved Channel .
Q) (2) 3.4 (s () (n._ 1 . I (9 (10) (11) | (12) (13%i _31%4) (s)_ b+ (e) !l (n wféa)
Average Slope - ; Mesn i : ead Loss - ater
Sect, | Length § Dis~ || Convey- Convei.. n szl'ﬁz Frig:fn Aif‘a Velocity e&::;ty hv contrac & | Other S;iu;agf }ri:g::g Surface
chgrge aﬁce ance K [(7) x(2)|f Section [(8) / (9) . h, - £ tion :gg’g- Bond jLosses : (17} —(11)
ft. Cof o8 1,486 ARV - £t, sq.ft. | £t,/secd £t rt, ft. 1 ft. £, | £, |ft.m.s. 1) ftums e
2100 ; 75,000 _i: 72,000 7,300 i 10.3 1.85 (E=s06). (E=,832) 84° b5 1 13.0
. 165 70,75 i .0LL L .00218 | - .36 . . : R (N N J.0T
3465 : : 69.5 6,000 | 12,5 : 2.3 ' 15:66 | 13.23
i_.210 : 67 00242 1 .51 148 - 40 291
575 LS ' 5,480 [ 13,7 2.91 : : 18.57 13,56 |
Lo 41,75 400260 07 20l - - 07 _ :
6415 A _£5 : . 5,500 1 1366, . 2eBT i b b o L. 26.6h L 13277
85 &7 022 19 : 217 +01 = 2% b3 ;I
7400 69 G680 | 13,2 i 2.7 . _A7.07 ! ah.3T |
105 6T 002h2 1. .23 ' +09 - 07 1 .10 : :
8+05 65 , 5,580 | 13 | 2.79 17.57 |68k
LT85 i &2 L0028 [ .19 217 A0l - .38 58 X
8+80 59 ; 5780} 130 2.68 18.05 1543 F
110 60,5 J0hh ! 400097 235 : W38 1 W02 - 0B R
9+90 : 75,000 i 62 6,220 (.12.0 (o 2.2h ol . . 18,50, | . 16.26.1
' 1.90 O 1212 .79 3.85
g

* Bend loss = 30% Av. hy = .3 x 2.6 = 0.79,
Distribute on basia of degrees in bend and
length of reach.

Shest 6
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